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[*««] mmm 

£>JRfC; In x Al Ga z N(x + y+ z = l, O^x^l, 0 ^ y ^ 1 , 0 
^ z ^ 1 ) 7? ^ 3*1-5 nf0H 1 (DM£> In,, A 1 G a „ N (u + v + w = 

U V w 

1, O^u^l, O^v^l, O^w^ 1) T*^£;ft5 pM©H2CDM^, In 
p Al q -Ga r N(p + q + r = l, OSp^h O^q^l, 0 ^ r ^ 1 ) T* 

[»#3C2] fufH^l ©«©jfj?d 1 (A) ^5^d 1 ^2 0 00158^ 
T*&y, BfffHI^2©jg©Sff d 2 (A) ^5^d 2 ^3 0 0 0 0©WT^5 

[»#9[3] ss*3® i x«2sa^fb^^^i§^^-fflxtf^dps/^ 

T l ^ T 2 

[»#3C4] «f8B»2©J»©«*ffl«T 2 CO i:frffEH2CDjf ©«j?d 

2 (A) i:<z>ratc. #t5£ 

5 ^ d 2 ^ 3 0 0 0 0 (9 0 0 ^ T 2~ 1100) 
T 2 ^ 0. 4d 2 + 7 0 0 (7 0 0 ^ T 2 < 9 0 0) 
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3 (DM *ni&-gkmic J: »; ^fiJtf £ J: 5 &c b 3 X 4 gBtt®fc'£<lfc¥*ft 

^JlfifC, In x Al y Ga z N (x + y + z = l, O^x^l, O^y^l, 0 
^ z ^ 1 ) T*m2frZ> nS0i 1 £>M £.> In u A 1 y Ga w N (u + v+ w = 
1, O^u^l, OSvSl, 0 ^w^ 1 ) T*mZ*lZ> nm<Dm2 <DMH. In 
p Al q Ga r N(p + q + r = l, O^p^l, 0 ^ q ^ 1 , 0 ^ r ^ 1 ) T* 

ti t v > s z t & mm t •* & fta?®¥mifrftytm*m x tr* * v * 

[»#3S9] iiafEfg2©jitf)pMK-r?> MBfig^l x 1 0 17 cm" 3 W 
1 x 1 0 21 cm%fS'J, 5-OfaSH^2<Z)Jg©nM= J P-vUrig>g^l x 1 0 

19 c m _3 j^T t* & & m&m 8 mm<Mk&®¥m<*ftftm*m x tr * * ^ 

o 

[S»*R10] HfffHUl ©if C7)jf^d 1 (A) ^5^dj ^2 0 0©iH 
WTffe'J, frffH^2©Jg©Mjp:d 2 (A) A<5^d 2 ^5 0 0©«SHWe&5KI 

T l ^ T 2 

©W^tflfc V ±L-d «fc e> ic L r £ £ 1" § fb-&«¥*#$83fciR-?-J8 x \£* dp 
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T 2 ^ 0. 4d 2 + 7 0 0 (5 ^ d 2 ^ 5 0 0) 
1150 ^ T 2 ^ 700 

M^Wc $ ft Z> «fc . e» L T BtflH^ 2 ©Ji $ it £ r t i: 

[|t«13] MfEfgl<£jf(D^;R##S7L£^ sfffH^2©jf^t>*tfrfH 
^3©jl&S^*^}Cj:U^i-^i:e)iCbfelf#^l Uttl 2fH«©-ft^ 

[ff#^15] Mil, 1 2Xttl 3(Z)3S5t^?£-S:fflv^T^38Lfe» 

[#§HJitf)##H&IBE!l!] 
[0 0 0 1 ] 

[0 0 0 2] 

— ^dr-f^-K^ttO^^OWWilLT, -Kln x Ga y Al z N 

U x + y + z = l, O^x^l, OSy^l, O^z^l) T** S "*l « 3 - 5 

InNISlt, G a NMHitfe <fct>* A 1 N»fijfc Htf&Z. ^3-5^ 

So 
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[0 0 0 3] 

&£f&^H£»3£aMc i o o oicjK±©#*ffi«fcfflv>&ri:#TS<&. tt2f 

, InminGaAlN^tt, I n NMHifclC =fe> J: S HfcWfcgcjetttf 

•t^>m^mt.bxmm^ i n g a a i N^u^m^mim^urnvm^^x 

[0 0 0 4] 
[0 0 0 5] 

[0 0 0 6] 
[0 0 0 7] 
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[0 0 0 8] 

r<Z)M^£fl?&-r ^tC^VxT, (1) AlGaN«iI$:^3ii 
(2) &MM&A1 £^£&v^^«^frGaNJii:L 

[0 0 0 9] 
[#§0£ WM& b * e> i: "T 5 9KJB] 
bfrU (l) pSGaNg hjg) ©m^* 

[0 0 10] 

A lMmtf4&T-t2>lZ^>thT. A 1 G a NMommMH bT<Z)«£tf{g 
Ttsc.-e, (2) <Z>G a N&flfilt Sfi£*#&tC <fc£ #^ICI±, ^>ti»J* 

[0011] 
[0 0 12] 

CO - & % © £ f 6 Z £ WTO* Z> J: 3 fC b fcf tlir%¥#ffc28 
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[0013] 

$ -& £ J: e> fC L =fc 7? & 2> o 
[0014] 

mmnybmizmLxwtv *>nz> P sura©* tsittf , t&sasiftjstcs^stffr 

e»HStC, In x Al y Ga z N (x + y+z = l, 0^x^l, O^y^l, 0 
^z^l) -e^$tl-5nM©Hl©Mi:, I n u Al y Ga w N (u + v+w = 
1, O^u^l, O^v^l, 0 ^ 1 ) pSffl^2 ©jfil. In 

p Al q Ga r N(p + q + r = l, 0£p£l, O^q^l, 0 ^ r ^ 1 ) 1? 

[0015] 

n&mzvmmic&n^ m&miv>mmiz&^x. mmmi<?>m<nmm& 1 

(A) ^5^d 1 $2 0 0(Z)«SaftT*&*;, tffiam2(Z)jf COjfff d 2 (A) #5 
^ d 2 ^3000 O^ftfflWTf&S^^^^^Mxtr.tJr^S/^^/S® 

[0 0 16] 

* * is -v ;i/ a « & $g it -r s tc tb (D -% m tc & v * t , 

T l ^ T 2 

♦ 
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[0 0 17] 

T 2 (°C) hB&IH^2(7)«©jljPd 2 (A) £<Dm^ 

5 ^ d 2 ^ 3 0 0 0 0 (9 0 0 ^ T 2 - 1100) 

T 2 .^ 0. 4d 2 + 7 0 0 (7 0 0 ^ T £ < 9 0 0) 

x*m $ ft ■« mmmtc $ *i s & e> fc l t tutsie 2 © jg s 

[0 0 18] 

iz l frit&m*mfoft%m*m x t:° # * ^ ^ ;i/««©§m#i£#3iig s ti « . 

[0019] 

# 3p 2/ -V & m WT * 5 IS^SR^^fi* 3 tl -5 . 

[0 0 2 0] 

[0 0 2 1] 

feft^«^##»3t*^M x tf * 3f S/ * IC i3 V * T , 

kflBtC, I n x A 1 G a z N (x + y + z = 1, O^x^l, O^y^l, 0 
£z £ l)"T?^S*l*nS!©jgl<Z)Ji£, In u A 1 v Ga w N (u + v+w = 
1, O^u^l, O^v^l, O^w^ 1) Vm£n2>nM<Dm2<DMt. In 
p Al q G-a r N(p + q + r = l, O^p^K OSq^l, 0 ^ r ^ 1 ) T» 
^t£*l£ PW3 fro, ZLtl^j 3o<3Djf frSV^Cg? bT^Jt 3 

[0 0 2 2] 
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^ybmmtfl X 1 0 17 cm%±l X 1 0 21 cm%t^'J, .BofrjfaJfl 2 

x tf # * -v $ ti z> o 

[0 0 2 3] 

jf^d 1 (A) ^5^d 1 ^ 2 0 0©WT'fe'J, frffH^2©j»©J»ffd 2 ( 
A) ^5^d 2 ^ 5 0 0<Z)«gHrtl?&^^^^^#§^^Mxlf ^dr5/-Y;i/ 
««#Hlg£tl£o 
[0 0 2 4] 

M^mi l<D$&WlC£ft\£, M^«8, 9Xiil 0fB«<Z)^%^^|§^m 
T l ^ T 2 

<z> mm*®, y j&o * e> c u £ r £ & #^ t -r s ft ^fc^aMMa^*^ J8 x £ # * 

[0 0 2 5] 

iS^T 2 (°c) ^»^d 2 (A) borate, 

T 2 ^ 0. 4d 2 + 700 (5 ^ d 2 ^500) 

1150 ^ T 2 ^ 70 0 
•e* $ tl S BB&tfiRfe $ tl -5 J: o (C L T f&gBH 2 (Djf $ -5 r £ & 
t-S^^^^^Mxif^^^-v^S^^^^^^StiSo 

[0 0 2 6] 

lo^Wlfet, ttffaH2(D«^^|&SH^3 0M$:^m^{c < fe yaaa-r 

[0 0 2 7] 
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[0 0 2 8] 
[0 0 2 9] 

mmcDmmcDmm] 

[0 0 3 0] 

ant *m%<DmM<Dmn<D-mz^mytm*<DmM*km-v$>z>o muz 

[0 0 3 1] 

aN/\'-y77l2 > nSG a N : S if 3, nSG a N : S i 14, &t>*G a N 
!5^MOVP E^(^ J:3:rfc? tdfi/VJlJ&mz J: U 2 ;ftT^J&£ tlT 

V^„ G a NJS 5©_t(C«A 1 G a Njf 6^^fig$tl, A 1 G a N jf 6 (D_hlCte 
5§^JS7^^$tiTVN^. 0 A 1 G a N JH 6 ^t^^S^feJB 7 ^ MOVPE^ 
IC J: £ XH # 3f SC £ »J JK&ftM $ tl % © 7? & -5 . 

[0 0 3 2] - 

mzmisxmzmmz&<> ^yr^r(Dm. sic, mto&frm&iz 

i»J«(i*ltfcfi»atfeGaNiS, SiiGaNli, 7'J-^^>fO 
^GaNIS, AlNl«^S:MVN5rt^t§„ it, 7t^7 7lSfiSG 
a NA-v :7 7jfJC|$gj£a*l3 : b©Tfc<, ifiAlN/17 7 7, <£^A 

lGaN;t-y7 7, {£M I n G a A 1 NAy 7 T^&M Z. £tfT*£Z> 0 
[0 0 3 3] 

#§^JS7&±, InGaNf 7AtGaNS7 B £ £j$< V M b 4 jffi^S tt & 
^>^mM^^mm.(D±lZ InGaNf 8 &J&R3-£TfdcS, P n^-£&;£-f £ 
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f-Jjl^um&tte-DT^Z, I nGaNf8©^fifiItt7 8 Q°CT°%>Z> a 
M7 0±{cit H 1 ©I, *2©MXt)f*3©Jg^&«s*3jf*3t©pa!M 

§^A 1 G a Nff (H 1 (Djf) 9, AlGaN : Mgf 2 0Qf) 1 0, RtfG 
a N : M g Jff (H 3 (DM) 1 l^feUoTSU, _g.o 3*1 P> 3 ocDjf^s^iC^ 

[0 0 3 4] 

lit', S&10>«l±I n G a Njff 8 ®^SSSt$>§ 7 8 0 °C £ HESS^M 
OVPE^Ci'JigMSStfcnSAl GaN!9?feS. ^2®IttAl G 
aN : Mgjgl OT'feiJ, nlA 1 G a Njf 9 <fc U =fci©V* 1 0 0 0 °C 

"eMOVPE^ICj:»J|§M^tfe^©T'*5 0 H 3 ©JfteG a N : Mgfl 
1 T'&'J, AlGaN :MgIl 0 »J %3 bJCjg^ 1 0 4 0 °CVM 

OVPE&ICJ: y^liJ&jlSitfcfc^T'&So 
[0 0 3 5] 

^HflSOTgJWett, H 2 <DMV&>%> A 1 G a N : Mgjg 1 0 &tM£ 3 <DMX*%> 
SGaN :MgIl lti, ig^0pSIt$tltV>S o fit, nfG a N : 
S i«4 {Cte^-i* ntil 2^tgl-t^tlTJ3U, G a N : M g jff 1 ltc'tt 
tf-^ >y * pfi l 3 tftgW^tlTV^, 
[0 0 3 6] 

[0 0 3 7] 

»^fg^2 0t±, 2gftJf7tC^LT, 3«#&<BpMJSW®«3t&afctt, £*l 
JC*y, ^ 1 ©It^5 nSA 1 G a NI 9 MII^ ItUt, i3©It«J, 
5GaN : Mgjf 1 1 #=I> * * LTH< fc#lC, gl2©JiT'&&A 1 G 

a N : Mgll 0 # £ *l fb CD (f» r^fC|3 tt £ tit cflM £ & »J , ^©»f»WM%lftW 
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fcr y , niA 1 GaNf9 (Z)jf^£^< Ittl nGaNf8 %^<D± 

[0 0 3 8] 

01 IC^Lfc^Jfitf^JR-ete, »2OlT?»*A'lGaN:MgI10 

^St--g)^i:T'BrigT'fe-g»o |g2tf)Jg£LT, pSfflAlGaN :Mgf 1 0© 
f^to»J fCnMOA 1 G a N : M g Jf£M V>fe^T*& o T =fc, Bf 1 ICasLfc^ii 
(D&m&M&tmmz U, I nGaNl7 A&tf 8 £^©i:{B!J<Z)Jitf)J&;Rft<Z) 

[0 0 3 9] 

&ic, »i~*3©M&*^T?««S*i«pa»«I©#*JcovvT--tt»jcitt 

[0.0 4 0] 

«7 8o°c) K-^v^srffforttiift^PBtcajfc-r-sfc^e) 

[0 0 4 1 ] 



1 1 
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LTM^*&^^e>Z:il*^^T*feSo H 1 CDjf-e&S nlA 1 GaNj|9(i 
^3tl 7 0^(C^5 1 5 t'^ ^ ^ P S K - z 1 ? > hlfiOTl^v^f 
J&S-TS CD LV*. piF-A a > hM^fc^ML&^iifBCDJlE&T'Hl 0 

jflinMtc^U^I-VNfedti, #Jg|gCD7£«UC;i3^T&, H 1 CDM~V&^> nlAl 

tc <t o t &h i cd m 9 © & p m. £ -t Z> 3 t % T* S -5 o 

[0 0 4 2] 

HI C0JS9 CD A llMlt jSlf-^S^S^Sffi&HCDM.IItt&M&VV {gf 

^$SH#&£„ -ecoAl^li, IPE&O-O. 5CD«gHWhf L^o 
#*UV%A l«Uft®*&fflfci:, Hi COS 9 CO jf /?, ^2©fl 0C0^SM^lC^# 

U Hi <o«9 cDjfJStf^tf £\ H2cojf l 0<Df8,MUmftM<te2>&l£* A 

[0 0 4 3] 

Hi coJf9co«j¥«, jrr£*fc*gfttt«:»fcvv *-;i/CD&AS«# 

#*Uvx<8H#&5„ Hi co«9 cojfJStt, «Efe5 A— 2 0 0 Aco«SH 
LVN 0 rC0#3; L^JgJ¥<Z)$g«&, H 1 COjf 9 CO A 1 H 

2co«i 0®jifcRiBgic«#u Hi coM9coa i*B/*#/hSWS 
t»«BS:»^3'&5fettIcM*5:Jf[< , rs^* t fey, H 2 COM 1 0 CO^S^^ , 
i*<fcS«if, !6^j»C0^Mtcj:^^M[:$:RS<^^icJf^$:jp:<t-'5^* ,: *>'5 

□ 

[0 0 4 4] 

#c icH 2 co JSicov%T^^-r -5 . H2C0jf 1 OCOA ljffi^li, *rVV7fflV& 

fe^tacL t 2Sft# ffi r«j ± & i- s tt, «3t A ic *f u t JC £ W S 
jK-t- > -v;^W£ 5 «fce>ic, i^v^tf&v^ L^LH2C0M 1 oco 

1 2 ffifiE# 2003-3044296 
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LVN|gffl^$>^ 0 fg2G0jf 1 069A lifij&tt, UteO. 001-0. 3(Dm 
ffcL^-f<&U, *-;i/©&A^W®Tl*-£tf>-£\ rtifcEfribf §£#>&CA 1 

mm #m v ^ « if fc^ste tc * § m © ft * j: y <s T©fe-eti*<*«©-e 

> r*l£R£itt-££#>fCA 1I^I:/Jn$ < fS&Htf&So 
[0 0 4 5] 

#CIC, H2(Djf 1 OcBjfJPtCoV^T&IB'r&o H2©jfl0li, m%M 7 CO p 
3!*©fl!Uci8tf fctiS, 3M«&<0pM*<Z>^2<B®£«j*^Sfc©"T?&»;, 3 

[0 0 4 6 ] 

pMp^Clilg^^lC^i-Sj^S^nStf^^Sifm^T'tt^VN^T*^* L 
VNjS^60«gHtijAVN 0 nM^Cj^ L^JfJft d 2 0*KHU:«;ta5A~5 0 0 
At»*<5. pM©*-&a)»* 0v%»j?d 2 0$gHfcM&;fc5 A~3 0 0 0 oATJft 

SCDT?, Iftfc 5 AmK©ff 3 £>tt5o nMO«-^©±PSffitt, 

;i/©&A3&sP©<£-RC J:*3feffl:fc©<6T#*£ < ft £>'&v^H£ LTHftlWJC* 
&e>*i§. pMO^OJiPSfllttM©aK©(STS:^C^VN|5m &&vvtt£jg 

s»*%<eTa*«iv^iBBB^v^Kfr^&sifc«?>e,ti* 11 
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[0 0 4 7] 

l»«fefcic«ff&»<*r.5&g#&.5. xffli&ai 2 ©jf©Jlff d 2 , y|«S:S&2 

5 S d 2 ~ 500 
T 2 ^ 0. 4d 2 + 700 

1150^ T 2 = 700 
[0 0 4 8] 

o 

0. 4d 2 + 7 0 0 i T 2 SI 1 50 (5^d 2 ^500) 
9 0 0 S T 2 - 1 1 5 0 (5 0 0Sd 2 S3 0 0 0 0) 

[0 0 4 9] 

a 

[0 0 5 0] 

lC^«riBJ&«ffltf&tl«J: <, »lX10 16 cm 3 ~lX 1 0 20 cm 3 



2003-3044296 



#20 02-198955 



£ 0 ^2CDM©^ffi^nM©#^Cl±, IrVVTmmOft&ls^mmittis-fr 
CD^A^&M^^^^fe^(C-e^S^^/Jv$ V^#£<, 1 X 1 0 14 c m 

3 — 1 X 1 0 18 c m 3 T"fe^ 0 
[0 0 5 1] 

^uya^<AMW&, ^^si, ii/iii jt (pMK-^>h£in mmm 

CD#t^j;b> III ^MM«l&*$:-^©^tipMK-^> . V/III 

it (in mmmtvmmmoisk) »cj;'jft^^^^5 0 

[0 0 5 2] 
[0 0 5 3] 

LVMI/III it, L/V^V/III it©«gHlcB8bTt* v MlS^©^, 
[0 0 5 4] 

LV^&flBHtf&S. L^JftftlfiHttWia? 0 OTC^P, 1 1 5 0"CT? 

<5 D 

[0 0 5 5] 

|g2(Z)jgtf)#F£ bV^S^fS^lglCAS^MJlE&tfA 1M, fg2(Z>Ji© 

AIM, p^K-/^hMii:fe#bTlfbtS. £ l ©JB©MJ*#ffv^ 
if^fe^l ©*©A lffi^^^^VN($if#§^S?:^®1-^^tB^l«t^(Dtm2 

1 5 fflliE# 2003-304429 6 
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# & £ „ *^^2©Jf©pMK-/N 0 >h«^4$:^^<i-S^H^2©MtcJ3^ 
[0 0 5 6] 

[0 0 5 7] 

l Tin 1 izB-tm^mytm^mm^ t? # * ^ 

[0 0 5 8] 

v)immzm&i'z>m&. m 1 <dm~£%>z> nSA 1 g a Njg9 zm&Lfc&T*. 

-litl:S^^e)^ l Jffib> H 2 A 1 G a N : Mgjff 1 0 £A&(D 

p M K-a°> hMM5:^M1-^S'JcDM^T^-r^ ^ £ &c J: y ;* U - 

o 

[0 0 5 9] 

H3 <Z>M£ LTBf&Ztlt~G a N : Mgjf 1 1 tt, nSG a Nf 1 3 
vtnyZV h %MZ> fcttXD vm.<DMT*%>Z> 0 InG a N jf 8 tf) ±iZ 3 jf 
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Sg2 0«7?fe5 nMA 1 G a 1 G a N : Mgjg 1 0 (Dffiig.. 

T*<fcV^ tot, M&tfG a N : MgJl 1 1 {CHLTte 1 JMHtT? fciV^tf, p 

[0 0 6 0] 

cmmrn 1 ) 

01 lCj*Lfc««3i<B'#ftH^&, t77>f7iI±1fMOVPEj£S:ffl^ 

711 UMO V P E ^^ftlC t >y h I, Vy T << 7i« 1 _tiC, NH 3 £«fc 
tfMO (TMG) , 2/9>S:iR^tcM^Si:^tC, H 2 &^t'J7^tbtffl 
V\ G a NffilH&MG a N;t>y 7rf 2 t Lt^^ii:, o^T104 
O'CT'nfG a N : S i M 3 &JE»«Lfc. 
[0 0 6 1] 

L^Sffc, t77^7SSU-lMOVPEM^&Sl l JffiU ffij£<Btfc 
S&^fofeffeHtfMOVPE^^tCMU, NH 3 feitfMO (TMG, TMA 
, TMI) , ty^y^mmzm^K H 2 £^i;y#*£bTmvx.g>;i£(Ccl:U 
, nlGaN : S i®3_hlCl 0 4 0 °C (Df&MUBtX* nlG a N : S ijf4 
J5gL/> $ £IC, .ngG a N : S i Jg4_L{C7> K-7G a Nf 5 T 
>K-7GaN|5 0MSt, MJSi^M^&TlfT 7 8 OttL, N g £3r^U 
7^^UTAlGaN!6$:MtSt^lC, £<b&C InGaNl7Ai:G 
a Njf7 B &4ffiiRJgUfc±lC I nG a Njg8 &J*:RS1*T8BfcS 7 L 
fe 0 I nGaN!8©» f lOltlTA llHJEftO. 15CDnMAlGa 
NI9 (7> K-^-e**^nSf®M) S llOAjSSSt, SSSMOVPE 

[0 0 6 2] 
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tCMW N 2 H^r'J 7^hb, A 1 jffij&0. 05©AlGaN :MgMl 1 
£3g2<Z)JI£: UT nt% MgM©EtCp2Mg©MIS:6 

OOsccmtU 1 0 0 O'CtCT 2 5 0 Aj&R3i£fcffe> SglPiSIS 10 4 
0°ClC±tfT, f 3©IfcltG.aN:MgIl UlSSSt, 3*WC J: <>) 

[0 0 6 3] 

WT8 0 0°CT'2 0#<3!)SftfllS&*TfcV*A 1 GaN : M g JS 1 0 (H 2 ©JS 
) , MGaN:MgIl 1 (H 3 tf)Jg) £{£»t<Z) P M«IC L fc. 
[0 0 6 4] 
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